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evaluated.
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Giardiasis is one of the most common parasitic diseases worldwide, and the disease is an important cause
of diarrhoea and malabsorption in children and immunosuppressed individuals. However, there is no evi-
dence that characterises malnutrition as an aggravating factor for this disease. We evaluated changes in
villi structures to examine the association between malnutrition and Giardia lamblia infection.
We used 32 gerbils, divided into 4 groups: Control (CT) and Control Infected (CTIn), which each
received a 20% protein diet, Malnourished (MN) and Malnourished Infected (MNIn), which each received
a 5% protein diet. Groups CTIn and MNIn were inoculated with 1  106 trophozoites of G. lamblia, while
the remaining groups were mock infected. Seven days post-infection, all groups were sacriﬁced, and the
proximal portions of the small intestines were collected for the analysis of villus height, mucus area and
extent of Giardia infection.
Gerbils fed with a low-protein diet had signiﬁcantly lower body weights.
Malnourished infected animals presented signiﬁcantly increased production of mucus, suggesting a
synergism occurs between malnutrition and Giardiasis, potentially to control the adhesion of Giardia in
the mucosa.
Villus height was signiﬁcantly lower in group MNIn compared to CTIn. This work suggests that malnu-
trition contributes to severity of Giardiasis by decreasing the intestinal absorption capacity via shortening
of the villi.
 2013 Elsevier Inc. Open access under the Elsevier OA license.es).
evier OA license.1. Introduction
Giardiasis, an intestinal infection caused by Giardia lamblia, is
one of the most common parasitic diseases worldwide, present
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opment (Dib et al., 2008). It is estimated that each year there are
approximately 280 million symptomatic cases (Lane and Lloyd,
2002), which can lead to cognitive deﬁcits and severe growth de-
fects in children (Berkman et al., 2003).
The transmission of this parasitic disease usually occurs indi-
rectly following the ingestion of food or water contaminated with
cysts or by person-person contact, particularly among institutiona-
lised individuals living in conditions of poor hygiene and sanitation
(Abe and Teramoto, 2012).
Clinical manifestations among individuals are highly variable,
ranging from asymptomatic to symptomatic severe cases. The
infection can cause diarrhoea, weight loss, dehydration, abdominal
pain, malabsorption, maldigestion and steatorrhoea (Buret, 2008).
Additionally, chronic Giardiasis, when undiagnosed and untreated,
can lead to malabsorption of lipids (Bansal et al., 2005), fat-soluble
vitamins (Saki et al., 2011), zinc and iron (Demirci et al., 2003),
vitamin B12, and sodium (Buret, 2008) and to the reduced action
of disaccharidases (Gomes et al., 2012; Solaymani-Mohammadi
and Singer, 2011).
Individuals diagnosed with chronic Giardiasis may also exhibit
a loss of intestinal barrier function due to apoptosis of enterocytes
(Chin et al., 2002; Panaro et al., 2007). Consequently, there is a dif-
fuse shortening of the microvilli epithelium in these patients,
which potentially results in a reduction in the secretion of disac-
charidases, contributing to the clinical manifestations of the dis-
ease (O’Hara and Buret, 2008).
Due to these factors, this disease has commonly been impli-
cated as a cause of stunted growth in children, and the occurrence
and frequency of diarrhoea, the duration of infection and the
chance of reinfection have each been considered essential factors
contributing to physical and mental deﬁciencies in this group
(Simsek et al., 2004).
Although the clinical impact of Giardiasis is well known in chil-
dren (Carvalho-Costa et al., 2007; Júlio et al., 2012; Matos et al.,
2008) and immunosuppressed individuals (Feitosa et al., 2001;
Gonçalves et al., 2009), the impact of malnutrition on this disease
is speculative, and there is no evidence to establish the aggravating
factor of malnutrition in Giardiasis. Considering the above, this
study aims to assess the histological effects of infection with G.
lamblia in a malnourished animal model.2. Materials and methods
2.1. Experimental model and group divisions
We used 32 female gerbils (Meriones unguiculatus), aged 4–
6 weeks. Animals were maintained under standard laboratory con-
ditions with a 12:12 h light/dark cycle and controlled temperatures
(23 ± 3 C), receiving ﬁltered water and a diet kept under refriger-
ation prior to feedings ad libitum. Special care with the feed and
water ensured that no other sources of infection were introduced
to these animals throughout the course of the study. The animals
were divided evenly according to body weight into four groups
of eight animals each: Control (CT) and Control Infected (CTIn),
with a diet containing 20% protein, and Malnourished (MN) and
Malnourished Infected (MNIn), which received a 5% protein diet.
The experiments were performed in compliance with the guide-
lines of the Institutional Animal Care and Committee on Ethics of
Animal Experimentation (Ethics Committee on Animal Experi-
ments – CETEA, national guidelines Law 11.794, dated October 8,
2008) from Universidade Federal de Minas Gerais (UFMG); proto-
col number 070/2010.2.2. Cultures and growth conditions
Trophozoites from the Portland-1 isolate (ATCC 30888), Assem-
blage A, were kept in culture in TYI-S-33 medium modiﬁed by
Keister (1983) and supplemented with bovine serum.
2.3. Experimental design and inoculation
The experiments were performed following the protocol of
Gomes et al. (2012) with modiﬁcations. From the ﬁrst day of the
experiment (Day 0), groups MN and MNIn were maintained on a
low-protein diet for 4 weeks. During the same period, the remain-
ing groups received the control diet for the maintenance of nutri-
tional status. Following this period (28 days), animals from
groups CTIn and MNIn were infected orally by gavage with
1  106 trophozoites contained in 0.8 ml Phosphate Buffered Saline
(PBS), while the CT and MN groups received 0.8 ml of PBS. Seven
days post-inoculation, the animals were euthanized. The animals
were weighed each week individually using a balance (BL320H,
Shimadzu).
2.4. Morphometric analysis
After sacriﬁce, the proximal portion of the small intestine (6 cm
in length) was collected and ﬁxed in 10% buffered formaldehyde
(pH 7.2). After processing in alcohol and xylene, fragments were
embedded in parafﬁn, and 4-lm thick sections were obtained
and processed for Hematoxylin and Eosin (H&E), Periodic Acid
Schiff (PAS) and immunohistochemistry. After processing, 30 villi
were randomly scanned with a JVC TK-1270/RGB microcamera
(Tokyo, Japan), using up to 10 magniﬁcation for analysing villus
height. Thirty additional images were scanned in the same manner
but with an increased magniﬁcation of 40 for the examination of
mucus area. Villus height, in lm, as well as the mucus area, in lm2,
were calculated using the software contained in the KS400 image
analyser (Carl Zeiss). To identify and quantify G. lamblia trophozo-
ites in histological sections, the following immunohistological pro-
cedure was performed. Parafﬁn-embedded intestinal sections from
infected animals were deparafﬁnised, hydrated, and treated with
3.5% PBS/H2O2 solution to block endogenous peroxidases. Unspe-
ciﬁc binding was blocked by goat serum diluted 1:40. Sections
were incubated with polyclonal anti-G. lamblia serum diluted
1:1000 (produced in the laboratory of amoebiasis and intestinal
protozoans, ICB-UFMG), followed by biotinylated goat IgG diluted
1:50 (Zymed Laboratories Inc., San Francisco, Calif.) and streptavi-
din diluted 1:100 (Zymed Laboratories Inc.). Colour was detected
using 0.05% diaminobenzidine and 0.2% H2O2 solution, and sec-
tions were counterstained with diluted Harris’s Haematoxylin. Pri-
mary antiserum was substituted with PBS for some sections for
negative control purposes. After the reaction, the entire mucosal
surface of the proximal portion of the small intestine was scanned
at 10 magniﬁcation and analysed using the same software de-
scribed above. All pixels marked with shades of brown by immuno-
histochemistry (indicating trophozoites) were selected to create a
binary image and to calculate the total area of brown markings.
2.5. Statistical analysis
The data are expressed as the means ± standard error. We used
the Shapiro–Wilk test to verify the normality of the sample and to
compare the experimental groups and Analysis of Variance (ANO-
VA) followed by the Tukey test. All tests and analyses were per-
formed in SPSS version 20.0, and a signiﬁcance level of 5%
(p < 0.05) was used.
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At the beginning of the experiment, the average weight of ger-
bils on the CT and CTIn diets was similar to the weight of the ani-
mals in the MNIn and MN groups (p = 0.563). After 4 weeks, the
weight of the animals in the MNIn and MN groups was signiﬁ-
cantly lower than the weight of the animals in groups CT
(p < 0.01) and CTIn (p < 0.01) and remained so throughout the
experiment. There were no differences in weight between the CT
and CTIn groups or between the MN and MNIn groups.
Immunohistochemical analysis for trophozoites in CT and MN
groups did not show parasites as opposed to the sections of groups
CTIn e MNIn. Quantiﬁcation of G. lamblia in the intestinal mucosa
by immunohistochemistry revealed no signiﬁcant differences be-
tween the CTIn and MNIn groups, although, qualitatively, was ob-
served a higher number of trophozoites in the MNIn (Fig. 1).
Fig. 2 shows the production of mucus by the four groups ana-
lysed. While a trend toward increased mucus production by the
CTIn, MN and MNIn groups was observed, a signiﬁcant difference
was found only between the MNIn and CT groups (p < 0.05).
When villus height was analysed, we observed that only the
MNIn group had shorter villi compared to the CTIn group
(p < 0.01) (Fig. 3).4. Discussion
Malnutrition in its various forms is a serious risk factor for in-
creased morbidity and mortality and has been associated with
the death of nearly 10.8 million children (Blössner and de Onis,
2005). Infectious and parasitic diseases are aggravated by nutri-
tional status, particularly in developing countries, where the prev-
alence of such conditions is greater (Blakely et al., 2004).Fig. 1. Immunohistochemical reaction for Giardia lamblia trophozoites. (A) Control Infe
intestinal villi. (B) Higher magniﬁcation of the same region. Trophozoites (arrows). (C)
magniﬁcation of the previous image, showing multiple trophozoites free in the lumen
Harris. Bar = 50 lm.Giardiasis is one such disease that mainly affects children, thus
causing cognitive and growth deﬁciencies in parasitized individu-
als. However, many infections remain asymptomatic. It has been
speculated that nutritional status constitutes a determining factor
in the severity of Giardiasis (Gendrel et al., 2003); however, there is
no evidence conﬁrming the involvement of malnutrition in this
process. In this context, we sought to test this hypothesis by eval-
uating the villus architecture and mucus production in the intes-
tines of gerbils fed a low-protein diet and concurrently infected
with G. lamblia.
A qualitative analysis of the mucus area in the intestines of the
animals demonstrated that the CTIn, MN, and MNIn groups pro-
duced greater amounts of mucus compared to the CT group. During
the infectious process in the small intestine, goblet cells increase
their production and release their secretions, a mechanism that ap-
pears to be associated with protection from mucosal pathogens
(Turner, 2009). However, information on the physical barriers
present during conditions of low-protein malnutrition is incom-
plete, despite the primary role of such barriers in the defence
against opportunistic infections. It has been speculated that low-
protein malnutrition alters the expression of glycoprotein recep-
tors in the enterocyte membrane, modifying the amount of mucus
that is retained on epithelial surfaces and altering the chemical
nature of lectins, whichmay explain the increased risk of infections
in malnourished individuals (Woodward, 1998). Our results dem-
onstrated an increased production of mucus in malnourished ani-
mals, but the reasons for this increase need to be investigated.
Our results also showed signiﬁcantly increased production of
mucus in malnourished infected animals, suggesting a synergism
occurs between malnutrition and Giardiasis, potentially to control
the adhesion of Giardia in the mucosa. The results are in conso-
nance with the low number of Giardia qualitatively observed in
MNIn, despite no statistic differences. These results supportcted Group. Presence of trophozoites in the intestinal lumen and adhered in the
Malnourished Infected Group. Large number of trophozoites positive. (D) Higher
and attached to the intestinal villi (arrows). Counter-staining with hematoxylin of
Fig. 2. Photomicrographs of small intestine of Gerbils control and inoculated with Giardia lamblia trophozoites. Small numbers of goblet cells PAS+ in intestinal villi is
observed in the animals of Group CT (A); slight increase in the number of goblet cells PAS+ is observed in the animals of group CTIn (B); intestinal villi of animals of groups MN
(C) and MNIn (D) showed marked increase in goblet cells and therefore mucus production. Observe large number of trophozoites along the intestinal villi and the intestinal
lumen (arrows) in the animals of group MNIn. Periodic acid-Schiff (PAS). Bar = 100 microns.
Fig. 3. Villus height (lm) analysed in CT, CTIn, MN, MNIn experimental groups. Malnourished Infected group showed lower villus height than group MNIn (p < 0.01). Values
are means ± SE. Asterisk denotes p < 0.01.
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duction is a protection against mucosal adhesion by pathogens,
such as Giardia. Understanding this relationship is important be-
cause the pathogenesis of the parasite depends strongly on its abil-
ity to attach to the intestinal mucosa.
In our study, villus height was smaller in malnourished infected
animals, compared to control infected ones, conﬁrming previous
ﬁndings from the literature (Nichols et al., 2000; Shiner et al.,
1973) Malnutrition can lead to decreased production of entero-
cytes in the villi, leading to decreases in both the number and
the height of these structures (Pires et al., 2003). This result dem-
onstrates that malnutrition is an important factor impacting villus
structure in animals infected with Giardia. Thus, our results suggest
that malnutrition contributes to disease severity in Giardiasis by
decreasing the intestinal absorptive capacity via shortening of villi.
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